Purpose The World Health Organization revised its human papillomavirus (HPV) vaccination recommendations to include a two (2-) dose schedule for girls aged ≤ 15 years. We investigated acceptability of 2-versus 3-dose schedule among adolescent vaccination providers and mothers of adolescent girls in five countries. Methods Adolescent vaccination providers (N = 151) and mothers of adolescent girls aged 9-14 years (N = 118) were recruited from Argentina, Malaysia, South Africa, South Korea, and Spain. We assessed providers' preference for a 2-versus 3-dose HPV vaccination schedule via quantitative surveys. Mothers' attitudes towards a 2-dose schedule were assessed through focus group discussions. Results Most adolescent providers preferred a 2-over a 3-dose HPV vaccination schedule (overall: 74%), with preference ranging from 45.2% (South Africa) to 90.0% (South Korea). Lower cost, fewer clinic visits, and higher series completion were commonly cited reasons for 2-dose preference among providers and mothers. Safety and efficacy concerns were commonly cited barriers to accepting a 2-dose HPV vaccination schedule among providers and mothers. Mothers generally accepted the reduced schedule, however requested further information from a trusted source. Conclusions Adolescent vaccination providers and mothers preferred the 2-dose over 3-dose HPV vaccination schedule. Acceptability of a 2-dose HPV vaccination could be improved with additional information to providers and mothers on HPV vaccination safety and efficacy.
Introduction
Globally, human papillomavirus (HPV) is the most common sexually transmitted infection, and has been established as the cause of cancers of the cervix, anus, vagina, vulva, penis, and oropharynx [1] . Highly effective prophylactic vaccines have been developed to prevent HPV persistence and HPV-associated cancers in women and men. Since 2006, HPV vaccination has been introduced globally into national immunization programs for girls in 71 countries, and for boys in 11 countries [2] . Countries with national immunization programs have seen varied national coverage of HPV vaccination due to programmatic barriers including cost, lack of knowledge of HPV and cervical cancer, vaccination safety concerns, and dose completion difficulties for patients and providers [3] [4] [5] [6] . Programmatic barriers of Jessica Yasmine Islam and Alexis M. Hoyt have equally contributed to this manuscript.
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HPV vaccination uptake are of particular concern in lowand middle-income countries (LMICs), with the greatest global burden of HPV-related cancers, particularly cervical cancer [7] .
Offering an HPV vaccination schedule with fewer doses is one promising approach to reduce barriers to vaccination. Clinical trials have demonstrated that a 2-dose schedule elicits and sustains non-inferior immune responses in adolescent girls aged < 15 years old as compared with the 3-dose regimen, over a 5-year time period [8] [9] [10] [11] [12] . In 2014, the World Health Organization (WHO) Strategic Advisory Group of Experts (SAGE) revised its HPV vaccination recommendation in accordance with emerging scientific evidence, and now globally recommends adolescents under 15 years of age (14 years and younger) receive a 2-dose schedule, with 3-doses still recommended for adolescents 15 years and older and the immunocompromised or infected with human immunodeficiency virus (HIV) [13] . Transitioning to a 2-dose schedule has the potential to increase HPV vaccination coverage at a reduced cost if efforts are focused on vaccinating the WHO-recommended target group. Availability of a 2-dose schedule presents an important opportunity to substantially reduce programmatic barriers to providing HPV vaccination.
Mothers are usually the primary health care decision maker for their children [14] . A mother's HPV vaccination intention for her adolescent child is influenced by several factors including her attitudes towards HPV vaccination, perceptions of community opinion regarding HPV vaccination, and perceived difficulty of getting HPV vaccination [15] . These intentions are further influenced by health care providers. High-quality provider recommendation is the primary influencer of HPV vaccination initiation among mothers for their adolescents and is positively correlated with higher rates of HPV vaccination in adolescent girls [16] [17] [18] [19] .
Previous studies have evaluated HPV vaccination acceptability in parents of eligible adolescents and health care providers [5, [20] [21] [22] [23] . However, to our knowledge, no research study has assessed provider and maternal perceptions of a 2-versus 3-dose HPV vaccination schedule across countries using a standardized questionnaire. Further data are needed on providers' and mothers' acceptance of a lower-dose HPV vaccination schedule to inform the global implementation of HPV vaccination programs for adolescents, particularly as prior studies have identified knowledge of HPV vaccination efficacy and safety as a major barrier to 3-dose HPV vaccination uptake among adolescents [24] .
Our primary aim was to solicit provider and mother opinions of the acceptance of a 2-dose HPV vaccination schedule in five countries, including Argentina, Malaysia, South Africa, South Korea, and Spain. We included distinct geographical continents to inform global implementation of 2-dose HPV vaccination. Selected countries included a variety of contexts for HPV vaccination availability. Argentina, Malaysia, and Spain expanded their respective National Immunization Programs to cover the cost of HPV vaccination for female adolescents in 2011, 2010, and 2007, respectively, prior to this study. However, South Africa and South Korea did not have a national program covering the cost of HPV vaccination at the time this survey was completed.
Here, we present data on the acceptability of a 2-versus 3-dose HPV vaccination schedule among both adolescent health care providers and mothers of adolescent girls. Data from in-country providers contribute new insights into HPV vaccination acceptability in countries with little or no existing research on provider perceptions of the updated 2-dose schedule of HPV vaccination.
Methods

Study participants
Providers (Quantitative)
We implemented a cross-sectional survey of health care providers who administer vaccination to adolescents, hereafter referred to as adolescent vaccination providers. The survey was conducted from October 2013 to April 2014 in five countries from diverse geographical and sociocultural regions, including Argentina, Malaysia, South Africa, South Korea. Study staff identified eligible providers with the authority to administer adolescent vaccines by examining each country's medical regulations. Further site-specific details on recruitment of providers are available in "Appendix 1." Providers were eligible to participate if they actively administered adolescent vaccines. Adolescent vaccination providers were identified via non-probability convenience sampling and recruited through mail, email, phone, or inperson. Participating providers were compensated for their time and associated travel required for the study interview.
Mothers (Qualitative)
Four focus group discussions were conducted in each country between November 2013 and April 2014, including at least one focus group with mothers of vaccinated daughters and at least one focus group with mothers of unvaccinated daughters, except Spain. Given high HPV vaccination coverage in Spain, local investigators were unable to efficiently recruit enough participants who had not vaccinated their daughters to participate in focus group discussion format. To address this concern, the Spain study site conducted six individual interviews with women who had not vaccinated their daughters. Mothers were recruited using non-probability convenience sampling from medical offices, health 1 3 centers, or schools (Appendix 1). To be eligible, mothers had to have a daughter old enough to receive HPV vaccination, based on each country's vaccination guidelines at the time of data collection up to 14 years of age (age: 9 years in South Africa; 11 years in Argentina/South Korea/Spain; 13 years in Malaysia). Eligible, interested mothers were stratified into focus groups based on whether their daughter was either (i) vaccinated or (ii) unvaccinated. A total of 124 mothers (70 with vaccinated daughters, 54 with unvaccinated daughters) were enrolled across the five countries (Argentina [ 
Measures
Providers (Quantitative)
Surveys were administered in-person or by phone to providers. A trained study interviewer collected information on providers' demographic information and experiences administering HPV vaccination to adolescent girls within the age guidelines for each country. Providers were given different questionnaires based on whether they had previously administered HPV vaccination. A total of eight questions assessed attitudes towards willingness for initiation and for completion of a 2-versus 3-dose HPV vaccination schedule, as well as anticipated successes and barriers to a 2-dose schedule (see Appendix 2). The response to the following question was used as primary measure of preference for the 2-dose HPV vaccination, i.e., the outcome for multivariable regression analyses: "If a 2-dose HPV vaccine were to become available, which would you recommend more frequently: a 3-dose HPV vaccine or a 2-dose HPV vaccine?" Country study staff entered de-identified data into English language EpiData forms, translating data into English when necessary.
Mothers (Qualitative)
Each focus group discussion followed a semi-structured script that assessed mothers' attitudes towards various aspects of adolescent HPV vaccination, including questions to evaluate knowledge of cervical cancer, willingness to obtain the HPV vaccination for their daughters, barriers and facilitators to obtaining the HPV vaccination for their daughters, and efficacy of a 2 and 3-dose schedule. The present analysis pertains to focus group discussions around maternal attitudes towards a 2-dose compared to 3-dose HPV vaccination schedule. Focus group moderators asked questions from a discussion guide, and additional questions emerged through probing and clarifying statements (see Appendix 3).
Analysis
Providers (Quantitative)
Data obtained from providers were double-entered in English by staff in each country as a measure for quality control of data. Identified discrepancies were resolved in consultation with each site's primary investigator. A final de-identified data set was sent to UNC for final data cleaning and analysis. Univariate analyses were conducted across country sites to assess baseline characteristics of providers and mothers of adolescents, and to evaluate adolescent vaccine practices and attitudes among providers. Multivariable logistic regression was utilized to identify predictors of 2-versus 3-dose preference for HPV vaccination. Models were fit to estimate multivariable-adjusted odds ratios (aORs) and associated 95% confidence intervals (CIs) for the following predictor variables separately, adjusted for country of origin; type of provider; providers' years of practice; whether provider administered HPV vaccination; provider's average number of adolescent female patients seen per month; providers' perceptions of efficacy of 2-dose HPV vaccination; and provider's perceptions of potential side effects of the 2-dose as compared to 3-dose HPV vaccination. All quantitative analyses were conducted in SAS 9.3 (SAS Institute Inc., Cary, NC).
Mothers (Qualitative)
In-country researchers facilitated the verbatim transcription of focus group discussion recordings and their translation into English. Translations were reviewed by in-country study staff who were native speakers of the language used during the focus group discussion, and fluent in English. UNC study staff reviewed the translations for meaning, and clarified colloquial usages, local references and cultural contexts, with the lead in-country researchers before, and during analysis as needed.
An experienced qualitative researcher (McDonald) supervised data management and analysis, which includes the following procedures. Cleaned transcripts were entered into ATLAS.ti (ver. 7, Berlin, Germany) for thematic analysis [25, 26] . We began by using a structured codebook based on the study aim and the focus group discussion script. A thematic analysis framework was used to code the data. Additional codes were added as they emerged from the data through an iterative process: one focus group discussion transcript from each country was then reviewed independently by two research assistants and coded, along with additional emergent themes. Next, these transcripts were compared and inconsistent coding decisions were discussed until a final agreement was reached. Additional emergent codes were incorporated into the codebook, and remaining transcripts were coded and reconciled using the same procedure [27] [28] [29] [30] . Below, qualitative data are summarized thematically.
Results
Providers (Quantitative analysis)
Providers' medical practice The most common practitioner types were family, internal, or general practitioners (31%); obstetrics/gynecologists (OB/ GYN) (26%); and pediatricians (22%) ( Table 1 ). All adolescent providers from Argentina (100%), and most from Spain (87%) and Malaysia (77%) had provided HPV vaccination to adolescents, compared with half in South Korea (50%) and about one-third in South Africa (36%) ( Table 2) .
Providers' attitudes towards a 2-versus 3-dose HPV vaccination schedule
Most providers (75%) reported that they would recommend a 2-dose compared to 3-dose schedule, ranging from 45% in South Africa to 90% in South Korea (Fig. 1 ). Most common reasons for recommending a 2-dose vaccine more frequently to parents of adolescent girls were lower cost (Argentina: 27%; Malaysia: 53%; South Africa: 16%; South Korea: 60%; Spain: 47%), fewer office visits (10%, 30%, 19%, 67%, 70%, respectively), higher series completion (67%, 3%, 19%, 50%, 63% respectively), and less pain (37%, 10%, 10%, 33%, 53%, respectively) (Fig. 2) .
About one-third of providers noted that cost was the main barrier to HPV vaccination that a 2-dose schedule could address, ranging from 10% in Spain to 57% in Malaysia (Table 2) . Fewer clinic appointments were cited as a main advantage of a 2-dose HPV vaccination schedule, ranging from 23% in Malaysia to 83% in Spain. When asked specifically about potential concerns of a 2-dose HPV vaccination schedule, providers cited concerns regarding the possibility of lower vaccine efficacy (54%), ranging from 10% of providers in South Africa to 77% in South Korea. Several providers stated they would need more information on the efficacy of the 2-dose HPV vaccination (61%), ranging from 19% of providers in South Africa to 87% in South Korea.
Fewer than half of providers from South Africa preferred the 2-dose HPV vaccination (45%). Adolescent vaccination providers were more likely to prefer the 2-dose than the 3-dose HPV vaccination schedule if they believed that 2-dose HPV vaccination is as effective as a 3-dose vaccination schedule (adjusted OR 8.25, 95% CI 3.09-22.03) ( Table 3) . Provider preference for a 2-versus 3-dose vaccination schedule did not appear to be associated with any other factor examined, including type of provider, provider years of practice, HPV vaccination provision status, average number of adolescent girls seen in provider's clinic per month, and provider's opinion of whether the 2-dose HPV vaccination schedule would have more side effects than 3-dose vaccination.
Mothers of adolescent daughters (qualitative analysis)
Qualitative data provided insight into mothers' rationale regarding their preferences for the 2-versus 3-dose HPV vaccination. The focus group discussions revealed a diversity of mothers' understanding of the basics of vaccination and the immunization process, the HPV virus, and the etiology of cervical cancer across the five countries and within focus groups (data not shown). Table 4 describes emergent themes that, while seen to some degree in all groups, were salient to each country group. Focus group discussions with mothers of unvaccinated girls voiced similar perceived advantages and concerns to those of unvaccinated girls, with slight exceptions. Many themes related to the 2-versus 3-dose HPV vaccination were consistent across focus groups.
Perceived advantages of a 2-versus 3-dose HPV vaccination schedule
Convenience Most women recognized that a 2-dose HPV vaccination schedule would be easier to complete, and would be more convenient and timesaving compared to a 3-dose schedule.
I think that two doses, because of some mothers that sometimes don't take them [daughters], they already have a hard time taking them to the outpatient clinic. … It would be easier for them. -Argentina Vaccinated Focus Group Just as if they want to make a one-dose vaccine, even better, you think, if it covers just the same and you only have to get shot once, great! -Spain, Vaccinated Focus Group However, other mothers said that the convenience afforded by the 2-dose was only acceptable if they were sure it provided "protection" as strong as that of the 3-dose HPV vaccination.
Then twice is way better. Under the assumption that they have same efficacy, twice is more convenient. -Korea, Unvaccinated Focus Group Favorable attitude towards scientific innovation Many mothers across countries rationalized that the change in dosing schedule is based on new research and scientific innovation. These mothers positively associated scientific innovation with the updated 2-dose vaccination schedule. Other includes midwife (n = 9), pharmacist (n = 2), preventive physician (n = 4), health promotion provider (unspecified) (n = 1), caregiver (n = 1) Cost Like providers, cost was an important consideration for mothers' decision making.
Before I have to get the full information as to why is the different between the 3-doses and the 2-doses before I can; and I have to know why they are different and why the other one is cheaper and why the other one is expensive before I will be able to say to other people which one to take. -South Africa, Unvaccinated Focus Group
Participating countries had different national health care payment systems, and socioeconomic status varied considerably across participants, making it difficult to compare responses regarding cost among focus groups. For example, in Argentina, HPV vaccination is part of the mandatory vaccination policy for adolescents and is free of cost. Mothers in South Korea and South Africa attributed new recommendations with effectiveness, noting that even if the 2-dose was more expensive, they would still choose it.
I will have it [the two dose] if it's much better than the previous one even though it's more expensive… -South Korea, Unvaccinated When it comes to prevention the cost comes last, cost should not be an issue. As long as you are preventing, cost should not be an issue. -South Africa, Vaccinated Focus Group
Information needed to accept a 2-dose vaccination schedule
Desire for reliable information from trusted sources Mothers from both focus group discussion groups (with vaccinated and unvaccinated daughters) expressed interest in receiving individualized, concise information from a trusted provider. Mothers generally respected the opinions of doctors and researchers, however, they expressed interest in receiving consistent, reliable information first-hand.
…the truth is that we are not thoroughly informed because there was no campaign. There is a campaign to vaccinate, but not one to inform… -Argentina, Vaccinated Focus Group Most women wanted to make sure they had all information to make the right decision. Interestingly, after hearing about the 2-dose HPV vaccination, some mothers of vaccinated daughters questioned their decision to vaccinate their daughter with the 3-dose schedule.
When they make the change, they don't tell you why. Then we don't know whether it is better or if what we did was wrong, if it is better now. -Argentina Vaccinated Focus Group Many mothers did not understand what HPV vaccination protected against, or the associated side effects, which coincided with lower knowledge about HPV vaccination and cervical cancer. All focus group discussions included varying degrees of knowledge of the efficacy and potential side effects of HPV vaccination.
If the effect is the same, then, I don't know, I don't know how vaccines work or don't. -Spain, Vaccinated Focus Group
Discussion
In this mixed-methods study of five countries, adolescent health care providers and mothers of adolescent girls tended to prefer a 2-dose over a 3-dose HPV vaccination schedule. Providers cited that the 2-dose schedule addressed many barriers of the 3-dose schedule, with the potential for lower cost, fewer clinic visits, higher series completion, and less patient pain. Mothers generally preferred a reduced HPV vaccination schedule, citing greater convenience and favorable attitudes towards scientific innovation. Both providers and mothers, however, expressed some concerns and the need for more information regarding the relative safety and efficacy of 2-dose compared to 3-dose HPV vaccination. Our study findings are consistent with previous research suggesting that a 2-dose regimen can effectively address barriers to 3-dose HPV vaccination [31, 32] , including cost of HPV vaccination. Two-dose HPV vaccination has been shown to be more cost-effective when compared to 3-dose HPV vaccination in both the short and long term [33] .
Provider recommendation is the primary predictor of HPV vaccination uptake [34] . The positive association 1 3 between awareness of HPV vaccination, and HPV vaccination initiation and completion among parents of adolescents has been shown to depend on strong provider recommendation [35, 36] . Providers across countries in our study had varying degrees of understanding of whether the efficacy and safety of a 2-dose HPV vaccination schedule was comparable to a 3-dose schedule. Previous studies have found that providers do not regularly recommend HPV vaccination for a several reasons, including ambiguity regarding who and what age group needs to receive the vaccine, and confidence in addressing parental concerns [37, 38] . In our study, while providers generally supported a 2-dose HPV vaccination schedule, they had concerns regarding its efficacy and safety, and requested further information on these topics to feel more comfortable for their patient recommendations.
Like providers, mothers were generally accepting of 2-dose HPV vaccination due to greater convenience and reduced cost. However, several mothers requested more information regarding efficacy and safety before making a confident decision. Our focus group findings echo previous research regarding mothers' attitudes towards a 3-dose schedule. Qualitative research conducted among women in South Africa and Ohio Appalachia highlighted the importance of mother and female caretakers in health decision making for the initiation of the 3-dose HPV vaccination for their daughters; support for HPV vaccination was observed, with concurrent concerns related to the vaccination's cost and side effects [14] . This simultaneous support and concern of HPV vaccination is reflected in other studies in LMICs related to the 3-dose schedule [39] [40] [41] [42] [43] . In the current study, concerns related to cost had the potential to be addressed by a 2-dose schedule, although concerns related to resulting changes in vaccine efficacy and associated side effects remained to varying degrees by country.
Notable variability in knowledge of both providers and parents has been identified in a global systematic review that described WHO's SAGE definitions of vaccination hesitancy as influenced by several factors including confidence, complacency, and convenience [44] . This SAGE review noted that factors related to vaccination hesitancy varied widely by country, and were further nuanced by social and cultural norms [44] . A systematic review of Sub-Saharan Africa similarly showed high levels of willingness and acceptability of the 3-dose HPV vaccination among adolescent girls, parents of adolescents, and health care workers while identifying notable gaps in knowledge and education regarding HPV, HPV vaccination, and cervical cancer among these same groups.
Study advantages included the use of a standardized mixed-methods design across five geographically diverse sites, which allowed for better understanding of similarities and differences in acceptability of 2-dose HPV vaccination schedule across countries. While many LMICs have made successful transitions from a 3-to 2-dose HPV vaccination schedule, social mobilization and acceptability remain important communication strategies to promote uptake, particularly through face-to-face interactions [45] . Since HPV vaccination perceptions and knowledge differed by country, messaging and educational campaigns for a 2-dose vaccination schedule will need to be tailored to the specific social, economic, and political climate of the region of introduction. This approach is supported by previous research investigating various means of achieving high HPV vaccination coverage in LMICs [5] , as well as studies conducted in high-income countries that recognize the need for multiple strategies for vulnerable population sub-groups.
Limitations of this study included a relatively small provider sample size and non-probability-based sampling strategy of providers, limiting the generalizability of the findings within these countries. Small sample sizes of providers and mothers precluded the use of statistical tests to assess group differences between countries, or between mothers of vaccinated and unvaccinated daughters. Additionally, due to small sample size, we were unable to account for clustering by country in our quantitative analysis. With larger sample sizes by country, we may have observed significant odds ratios within logistic regression analyses. Given that we utilized convenience sampling to recruit mothers of adolescents, mothers who participated in focus group discussions were more often from urban areas, and thus likely with greater access to medical providers and health clinics. In our study, we did not directly interview adolescents regarding their opinions of HPV vaccination as mothers are usually the primary health care decision makers for their children and due to issues regarding consent for adolescent participants. Finally, given that the focus group guide was based on prior literature of barriers to HPV vaccination, we acknowledge that this approach was more pragmatic than a ground-up inductive approach to elicit participants' potential concerns about HPV vaccination.
Our findings indicate that both providers and parents could benefit from focused education regarding a 2-dose HPV vaccination schedule. While some logistical barriers to HPV vaccination acceptance are addressed by a reduced 2-dose vaccination schedule, concerns related to potential for increased side effects and lower efficacy seem to remain, despite general acceptability of HPV vaccination. Though mothers' acceptability of a 2-dose HPV vaccination schedule varied by country site, this acceptability could be enhanced by additional information regarding safety and efficacy from providers to patients. These findings underscore the importance of a strong health provider recommendation for a 2-dose HPV vaccination to bolster mothers' acceptance of the vaccination for their daughters, including opportunities to address any concerns related to side effects and efficacy. A strong recommendation with patient education from a 1 3 trusted healthcare provider has been shown to be a primary vaccination mediator among parents of adolescents [16] [17] [18] [19] , which is supported by evidence from the current study for a 2-dose HPV vaccination schedule. Providers generally accepted a 2-dose schedule, although but it is unknown how strong their recommendations would be as knowledge about safety and efficacy varied across sites.
Future implementation science research should be focused on equipping providers with the knowledge and optimal communication skills to improve HPV vaccination discussions with parents from varying socioeconomic and education levels. Literature from high-income countries has suggested that HPV vaccination availability and promotion alone is not enough to influence significant uptake, and identified the need for comprehensive approaches that target multiple levels of the socioecological model [46] [47] [48] in culturally responsive ways [14] .
Reducing the HPV vaccination dosing schedule from 3-to 2-doses has the potential to reduce logistical barriers for patients and providers. This, combined with increased access and culturally relevant communication campaigns that promote high-quality recommendations from providers can effectively increase vaccination rates in LMICs and reduce the burden of HPV-related cancers for future generations. Knowledge generated from this study can inform future programmatic decisions as more countries adopt a 2-dose vaccination schedule, and potentially a 1-dose schedule for HPV vaccination, if recommended based on currently evolving scientific evidence. Appendix 2
See Table 6 . Table 7 Qualitative questions in focus group discussion (FGD) guide surrounding maternal attitudes towards a 2-versus 3-dose vaccination schedule
Topic introduction:
The current vaccine is given to girls in 3 doses, timed at 0, 1, and 6 months 
